Comparative growth studies of the lactose and non-lactose fermenting strains of Shigella sonnei. by Lynch, Patricia Mary
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1959
Comparative growth studies of the
lactose and non-lactose fermenting
strains of Shigella sonnei.
https://hdl.handle.net/2144/13517
Boston University
BOSTON UNIVERSITY 
GRADUATE SCHOOL 
Thesis 
COMPARATIVE GROWTH STUDIES OF THE LACTOSE AND 
NON-LACTOSE FERMENTING STRAINS OF SHIGELLA 
SONNEI 
by 
Patricia Mary Lynch 
(B .. s., Northeastern University, 1955) 
Submitted in partial fulfilment of the 
requirements for the degree of 
Master of Arts 
1959 
Approved 
by 
First Reader • ... ? ~~~ ...... . 
Professor of Microbiology 
Second Reader • ~.A~~ ..... . 
Assistant Frofessor of Microbiology 
ACKNOWLEDGMENTS 
I wish to express my gratitude to Dr. E. E. Baker, Professor 
of Microbiology, Boston University School of Medicine, for 
his encouragement and advice throughout the course of this 
work. 
I am grateful to Dr. M. A. Derow, Assistant Professor of 
Microbiology, Boston University School of Medicine, for 
his time devoted in the preparation of the thesis. 
I am also grateful to Dr. G. J. Kacoyanis for his advice 
throughout the course of' the work. 
TABLE OF CONTENTS 
Introduction 
Materials and Methods 
I. Strains o~ Shigella sonnei 
II. Media 
III. Methods 
PAGE 
1 
8 
8 
8 
9 
Terminology 11 
Experimental Results 12 
Comparative growth advantage o~. the lactose and 
non-lactose ~er.menting ~orms o~ Sh. sonnei 12 
Behavior o~ the non-lactose ~er.menting (normal) 
organisms in various liquid media under still 
conditions 12 
Behavior o~ the normal organisms in lactose 
broth 12 
Behavior o~ the normal organisms in glucose 
broth 13 
Behavior o~ the normal organisms in carbohy-
drate-~ree broth 13 
Behavior o~ non-lactose ~er.menting (normal) 
organisms in various liquid media under aerated 
conditions 14 
Behavior o~ the normal organisms in lactose 
broth 
Behavior o~ the nor.m·al organisms in glucose 
broth 15 
Behavior o~ the normal organisms in carbohy-
drate-~ree broth 15 
Behavior of the lactose fermenting (Lac+) mutants 
in various liquid media under still conditions 16 
Behavior of the Lac+ mutants in lactose broth 
Behavior of the Lac+ mutants in glucose broth 
Behavior of the Lac+ mutants in carbohydrate-
free broth 
Behavior of the lactose fermenting (Lac+) mutants 
in various liquid media under aerated conditions 
Behavior of the Lac+ mutants in lactose broth 
Behavior of the Lac+ mutants in glucose broth 
Behavior of the lac+ mutants in carbohydrate-
free broth 
Behavior of mixed cultures grown in various liquid 
media under still conditions 
16 
16 
16 
17 
17 
18 
18 
19 
Behavior of mixed cultures in lactose broth 19 
Behavior of mixed cultures in glucose broth 20 
Behavior of mixed cultures in carbohydrate-
free broth 20 
Behavior of mixed cultures grown in various liquid 
media under aerated conditions 21 
Behavior of mixed cultures in lactose broth 21 
Behavior of mixed cultures in glucose broth 22 
Behavior of mixed cultures in carbohydrate-
free broth 22 
Elimination of lactose from lactose broth by 
lactose fermenting (Lac+) mutants of Shigella 
sonnei 23 
'\ 
Q,ualitative determinations o:f the comparative 
growth of Lac+ mutants and normal Shigella 
sonnei 
Discussion 
Summary 
Illustrations 
Bibliography 
PAGE 
25 
28 
33 
34 
44 
TABLE I 
TABLE II 
TABLE III 
TABLE IV 
Figure 1 
Figure 2 
Figure 3 
Figure 4 
Figure 5 
Figure 6 
ILLUSTRATIONS 
Comparative growth studies or t4e Lac+ 
mutants and normal Sh. sonnei grown in 
various broths 
Determination or lactose utilization by 
Lac+ mutants 
Comparative growth or mixed Lac+ mutants 
and normal Sh. sonnei in aerated 
carbohydrate-free broth 
The acidity or mixed cultures or Lac+ 
mutants and normal Sh. sonnei grown in 
various broths 
Behavior- or Lac+ mutants and normal 
Sh. sonnei grown in pure culture in 
Lactose broth under non-aerated 
conditions 
Behavior or mixed cultures of Sh. 
sonnei in lactose broth under non-
aerated conditions 
Behavior or Lac+ mutants and normal 
Sh. sonnei grown in pure culture in 
glucose broth under non-aerated 
conditions 
Behavior Gr mixed cultures or Sh. 
sonnei in glucose broth under non-
aerated conditions 
Behavior or Lac+ mutants and normal 
Sh. sonnei grown in pure culture in 
carbohydrate-rree broth under non-
aerated conditions 
Behavior or mixed cultures or Sho 
sonnei in carbohydrate-rree broth 
under non-aerated conditions 
PAGE 
34 
35 
36 
37 
38 
38 
39 
39 
Figure 7 
Figure 8 
Figure 9 
Figure 10 
Figure 11 
Figure 12 
Behavior ot Lac+ mutants and normal 
Sh. sonne·~i<grown in pure culture in 
lActose broth under aerated conditions 
Behavior of mixed eulture~ o~ Sh. sonnei 
lactose broth under aerated conditions 
Behavior of Lac+ mutants and normal 
She sonnei grown in pure culture in 
giucose broth under aerated conditioms 
Behavior ot mixed cultures of Sh. sonnei 
in glucose broth under aerated~onditions 
Behavior of Lac+ mutants and normal 
She sonnei grown in pure culture in 
carbohydrate-free broth under 
aerated conditions 
Behavior of mixed cultures o:f. Sh. sonnei 
in carbohydrate-free broth under 
aerated conditions 
PAGE 
43 
• 
INTRODUCTION 
In 1904, Duval and Shorer (6) reported the isolation 
of a late-lactose fermenting micro-organism from the feces 
of infants with diarrhea. Later the same year, Duval {5) 
again reported the isolation of these organisms from the con-
tents and scrapings of the gut in a fatal case of dysentery 
occurring in an adult. These organisms were short bacilli 
which grew well on ordinary culture media and corresponded 
* closely with Bacillus dysenteriae except for their ability 
to ferment lactose.and to produce a secondary acid change in 
neutral litmus milk. The patient's serum agglutinated the 
homologous organism at a dilution of 1:400, the Flexner-Harris 
* bacillus at 1:200, ~· typhosus at 1:80, and did not agglutin-
ate Shiga's bacillus. In addition, serum of typhoid fever 
patients agglutinated the new organisms to high titer, and B. 
* typhosus was agglutinated by anti-sera of rabbits immunized 
with the newly isolated bacillus. 
The production of common agglutinins showed a close 
* relationship between B. typhosus .and Duval's bacillus. How-
ever, Duval considered it as another member of the dysentery 
group since it had other properties in common with this group. 
Baerthlein (1) and others also reported the isolation 
of late-lactose fermenting enteric bacilli, but they considered 
them as an unagglutinable type of Flexner's bacillus and did 
* Authors terminology 
1. 
v 
not st dy them further. 
In 1915, Sonne (16), while investigating an outbreak 
of dysentery in Copenhagen, found the causative agent to be 
a latetlaetose ~ermenting bacillus which be showed to be 
serologically specific and distinct ~rom Type I and Type II 
I pseudorysentery organigms previously described by Kruse (13)• 
Sonne fro~osed creating a new group, Group III to include 
this organism in the dysentery scheme. 
ID'Herelle (4), in 1916, also ~ound this atypical organ-
15-m associated with dysentery in France. 
lThj~tta (18), in 1919, while investigating an out-break If dysentery in Norway, confirmed and extended the wor~ 
o~ So~e. Thjptta stated that the grouping of the dysentery 
organisms should be based upon serological rather than fermen-
tativeldi~ferences since this older method was subject to wide 
variat on. 
Since Kruse's Groups I and II were so closely related 
. .. 
serolo·ically, Thj~tta proposed placing them in one main 
He proposed Shiga's bacillus as Group I, 
2. 
group f Group II. 
although there was slight agglutination with Group II. Sonne's 
I Group III showed no cross-agglutination with either Groups I 
or II lnd was maintained as a separate group. 
Thj~tta noticed the presence of two characteristic 
types 0~ colony while studing the cultural characteristics or 
the Grlup III organisms. One was small, round and dense, the 
other, larger with irregular edges, and exhibited irregular-
ities or agglutination, either being unagglutinable or show 
ing spontaneous agglutination in saline. 
Later, Koser and Styron (12) found that some of the 
1 
cultures of Shigella sonnei had a tendency to undergo changes 
3. 
not included under the ter.m dissociation. These ~vestigators 
thought that changes from Smooth (S} to Rough (R) were a gradual, 
continuous process and did not occur in distinct abrupt stages. 
Glynn and starkey (7} recognized two serological types 
that were independent of colony variation. These were Type I 
and Type II. The latter was found to be serologically 
broader than Type I. Antisera prepared against Type II cul-
tures agglutinated both Type I and II whereas Type I anti-
sera gave only a slight reaction with Type II. Since both 
serological types could be found on the original plate, the 
authors suggested the possibility of diphasic variation. 
Wheeler and Mickle (19} extended the work of Glynn and 
Starkey. They described three morphological and antigenically 
distinct forms of the organism. They ter.med these Phase I 
(smooth), Phase II and Rough. 
Later Baker, Goebel and Perlman (2), studied the _anti-
genic structure or these variants or Sh. sonnei. They found 
that Phase I mutated spontaneously to Phase II (s) and Phase 
II (r). These phase variants were found to be stable and 
serologically identical but morphologically distinct. The 
Rough variant was found to be similar to Phase II (r). 
1 This nrume was later adopted for the organism described by 
Sonne. 
Delayed rermentation of lactose was noted by early 
investigations to be one of the distinguishing features of 
Sh. sonnei. Reynolds and his associates (14) and later 
Cook, Knox and Tomlinson (3) demonstrated the appearance of 
secondary papillae after several days' incubation on difrer-
ential media. Inoculation or lactose broth with these acid 
papillae resulted in rermentation of the sugar within forty-
eight hours. 
4-
Glynn and Starkey (7) also demonstrated the appear-
ance of secondary papillae which caused the medium immediately 
beneath them to be acid. Attempts by these investigators to 
produce secondary papillae that bred true were unsuccessful. 
Each generation always began as a lactose-negative colony 
with secondary papillae occurring at about the same time 
interval as the initally isolated colonies. 
Sears and Schoolnick (15) stated that the late fermen-
tation of lactose was due not to slow utilization or the sugar 
by the original organisms, but to the invariable appearance 
in the lactose medium of variants which then attacked this 
medium vigorously. They found that these variants were stable 
and that the fermentative reactions remained unchanged even 
after smooth - rough dissociation had occurred. These inves-
tigators were able to produce.strains of Sh. sonnei which 
fermented lactose, sucrose, and raffinose. They were also 
able to isolate strains capable of prampt fermentation of any 
or all of these sugars. 
In 1951, Cook, Knox and Tomlinson (3) conrir.med these 
results and showed that the variants retained these properties 
even after several months o~ occasional transrer into media 
~ree o~ the speci~ic substrate. Since the variants apparently 
were able to transmit the new characteristics inde~initely to 
their descendants, these workers re~erred to them as mutant 
cells. They considered these mutants to be spontaneous and 
to occur at a rate o~ one mutant per 105 normal organisms. 
However, other investigators, including Hinshelwood and his 
group (8), consider late-lactose ~ermentation to be due to 
the presence o~ a substrate which stimulates the cells to 
produce the enzyme or enzymes necessary to attack the substrate. 
Kacoyanis and Baker {11) and Kacoyanis (9) studied the 
time o~ appearance o~ the lactose ~ermentation using a single 
strain o~ Sh. sonnei. These investigators, using large 
numbers o~ lactose broth cultures o~ Sh. sonnei, ~ound that 
some cultures turned acid a~ter ~our to ~ive days' incubation 
with the number o~ cultures turning acid per day increasing 
until the ~i~teenth day o~ incubation. They also ~ound 
lactose positive mutants present in cultures which had turned 
acid between the tenth and ~ifteenth days but could isolate 
these mutants only in~requently after this time. The mutants 
were ~ound to be stable once isolated and able to ferment 
lactose broth promptly. Kacoyanis (9), in 1956, employed 
the term prompt fermentation to indicate the appearance o~ 
acid within forty-eight hours and delayed or late rermentation 
• 
to indicate the appearance o~ acid after a period longer 
than ~orty-eight hours. He also ~ound that as ~ew as one 
to ten lactose-rermenting organisms could grow in the presence 
of a large number or normal organisms and produce prompt 
lactose rermentation. He therefore concluded that delayed 
fermentation was due to a lack of lactose positive (Lac+) 
mutants in the initial inoculum rather than the inhibitory 
action of the normal cells. 
Kacoyanis (10) states further that aeration of the 
normal strain of Sh. sonnei in lactose broth favored the 
appearance of Lac+ mutants. However, normal organisms grown 
under aerated conditions in carbohydrate-free broth did not 
favor the appearance of Lac+ mutants although Lac-mutants 
could be isolated from the same broth seeded with a pure 
culture or Lac+ mutants. 
This investigator also round that acid was produced 
in lactose broth cultures inoculated with Sh. sonnei and 
incubated anaerobically. Since no Lac+ mutants could be 
isolated from these acidiried cultures, it was postulated 
that some unknown mechanism which differed from that used by 
the Lac+ mutants was employed when the organisms were grown 
under anaerobic conditions • 
• 
Shi&ella sonnei is know to exist in a lactose and 
non-lactose fermenting forma However, only the non-lactose 
fer.menter is found in nature. The purpose of these in-
vestigations is to determine the factors which result in 
the more successful competition of the non-lactose fer-
menting for.m of Sh. sonnei. 
• 
• 
MATERIALS AND METHODS 
I. Strains o:f Shigella sonnet 
The strain o:f Sh. sonnet employed in these experiments 
was originally isolated :from a patient at ths Boston City 
Hospital and was coded #1545. 
8 • 
The Lac+ mutant o:f Sh. sonnet was isolated by Dr. George 
J. Kacoyanis at the Boston University School o:f Medicine and 
was coded #T2• 
These strains were maintained on nutrient agar and 
stored at 5 -C. Additional cultures were maintained in the 
:frozen state. 
II. Media 
A. Carbohydrate-free Broth 
Carbohydrate-:free broth was composed o:f 5.0 g 
o:f Bacto Peptone and 3.0 g o:f Meat Extract in one liter o:f 
distilled water. It was brought to a :final pH o:f 7.25. As 
required, the medium was rein:forced with 0.5 per cent o:f 
glucose or lactose. 
BCP broth was prepared by adding one ml o:f 1.0 per cent 
BromCresol Purple indicator per liter o:f broth (with or with-
out carbohydrate). A purple color o:f the BCP broth was con-
sidered to indicate neutral to alkaline conditions and a. yellow 
colo'r was indicative o:f acid condi tiona. 
B. Di:f:ferential Media 
To di:fferentiate between Lac + mutants and nor-
mal Sh. sonnei, Eosin-Methylene-Blue (EMB) agar, Difco, was 
• 
• 
used. 
Dry, sterile agar plates were prepared by pouring the 
agar into clay top petri dishes and were incubated at 37 C 
9· . 
~or twenty-~our hours. A~ter incubation, sterile glass tops 
replaced the clay tops and the plates were stored ~or no longer 
than three days before using. 
III. Methods 
A. Preparation of Cultures 
A fresh, young culture was prepared by inoculat-
ing a single colony from a nutrient agar plate into 6 ml of 
nutrient broth and incubati~g for from seventeen to eighteen 
hours. One half ml of the fresh nutrient broth culture was 
inoculated into lactose, glucose, and carbohydrate-free broths 
and incubated for from seventeen to eighteen hours on two 
successive days. 
A mixed culture was prepared bymixing equal amounts 
of the Lac+ mutants and normal Sh. sonnei that had been pre-
pared in the same broth medium. 
B. Bacterial Counts 
The method approved by the American Public 
Health Association (17) for water analysis was employed to 
estimate the numbers of Lac+ mutants and normal organisms 
• 
present in the culture. Ten-fold serial dilutions of the 
cultures were made using sterile distilled water as the dilu-
ent. 0.2 ml of the appropriate dilutions were streaked onto 
duplicate EMB agar plates and incubated at 37 C for forty-
eight hours. The results were expressed as numbers of 
organisms per milliliter or sample. 
Ce Aeration 
When required, aeration or cultures in tubes 
measuring 28 x 195 mm was accomplished on an oscillating 
shaker which rotated at about 160 rpm. The depth or liquid 
in the tubes was 20 mm. Thus, relatively good aeration was 
obtained. 
10. 
TERMINOLOGY 
In the main body of the paper, the following 
terminology will be used: 
Normal organimn •••••••••• non-lactose fermenter 
Lac+ mutant •••••••••••••• lactose fermenter 
lL 
Lac- mutant •••••••••••••• non-lactose fermenter appearing in 
cultures seeded with Lac+ variants 
Aerated conditions ••••••• cultures that were incubated under 
aerated conditions produced by shaking. 
Still conditions ••••••••• cultures incubated under non-aerated 
conditions 
• EXPERIMENTAL RESUTII.'S 
Comparative growth advantage of the lactose and non-Lactose 
fermenting forms of Shigella sonnei. 
To determine the comparative growth advantage of the 
normal and Lac+ mutant of Sh. sonnei, fresh, young cultures 
were prepared in the manner describe under Materials and 
Methods. 0.05 ml of pure and mixed cultures grown in lac-
tose, glucose and carbohydrate-free broth were transferred 
to 250 ml flasks containing 100-ml amounts of lactose, 
glucose and 'carbohydrate-free broths respectively. These 
cultures were incubated at 37 C under both aerated and still 
conditions. Immediately following inoculation and daily, 
or as indicated in Table I, bacterial counts were made on 
each culture by the methods described under Materials and 
Methods. 
Behavior of the non-lactose fermenting (normal) 
organisms in various liquid media under still conditions. 
Behavior of the normal organisms in lactose broth: 
After the initial rise to the density of 107 organisms per 
milliliter (see Figure 1.), the normal organisms maintained 
an essentially constant population in lactose broth for nine 
days. On the ninth day of incubation, the Lac+ mutant 
appeared in numbers equal to those of the normal organism. 
After the appearance of the Lac+ mutant, the population of 
the culture declined rapidly so that by the fifteenth day no 
12 .. 
• viable organisms were presente The Lac+mutants appeared 
simultaneously with a change rrom alkaline to acid con-
ditions. The culture remained acid for the remainder of 
the experiment. 
Behavior of the normal organisms in glucose broth: 
The normal organisms grew rapidly in glucose broth during 
the first twenty-four hours of incubation (see Figure 3) 
and the culture maintained itselr during the following 
twenty-four hour period. However, the population dropped 
precipitously after seventy-two hours' incubation and sub-
cultures were no longer viable after this. time. The medium 
became acid during the rirst twenty-four hours and remained 
acid for the duration of the experiment~ 
Behavior or the normal organisms in carbohydrate-
free broth: As seen in Figure 5, the growth of the normal 
organism in carbohydrate-rree medium was comparable to the 
growth of the same organi~m under the same conditions in 
lactose broth. (see Figure 1). The population remained at 
this level for nine days, gradually declining during the 
subsequent two-week period. The culture was still viable at 
a level of 107 organisms per milliliter When the experiment 
was terminated. No Lac+ mutants appeared on the EMB plates 
used for counting. 
The continued growth and viability of the normal 
13 • 
• organisms throughout the experiment may be explained by 
maintenance of a favorable pH. The medium remained alkaline· 
to neutral during the entire course of the experiment. 
Behavior of non-lactose fermenting (normal) organisms 
in various liquid media under aerated conditions. 
Behavior of the normal organisms in lactose broth: 
During the first half of the experiment, (see Figure 7), the 
only notable difference between the growth of the normal 
organisms in the still and aerated lactose broth cultures was 
the more rapid increase of the population to a slightly high-
er level when aeration was employea. However, different 
growth patterns developed after eleven days of incubation. 
During the latter half of the experiment, the population of 
the normal organisms decreased only gradually and when the 
experiment was terminated 106 organisms per milliliter were 
present in the culture. 
The increase resulting from aeration was reflected in 
the earlier appearance of Lac+ mutants {after :forty-eight 
hours• incubation). The growth of the Lac+ mutants paral-
leled the growth of the normal organisms up to the eleventh 
day but the population declined rapidly after the fifteenth 
day of incubation and was not detectable thereafter. 
As in the ease of the still lactose cultures seeded 
with normal organisms, the appearance of the Lac+ mutants 
occurred simultaneously with a change from alkaline to acid 
conditions. However, unlike the still cultures, a return to 
alkalinity occurred during the following twenty-four hour 
peri ode 
Behavior of normal organisms in glucose broth: The re-
sults of the growth of normal organisms in aerated glucose 
broth were no different from those obtained under still 
conditions except for a somewhat accelerated death phase. 
As seen in Figure 9, the population of the culture 
after twenty-four hours' incubation was somewhat higher than 
that of the same organisms in glucose broth under still con-
ditions. The population declined sharply after forty-eight 
hours and no viable organisms were detectable thereafter. As 
with the still glucose cultures, the medium became acid during 
the first twenty-four hours• incubation, and remained acid for 
the duration of the experiment. 
Behavior of normal organisms in carbohydrate-free 
broth: Except for a slightly higher initial population, the 
growth of the normal organisms in aerated carbohydrate-free 
was not essentially different from the growth of the same 
organisms in the still carbohydrate-free medium (see Figures 
11 and 5). The population remained at a high level throughout 
the expe~iment, With 107 organisms per milliliter present at 
the termination. The medium remained neutral to alkaline for 
the duration of the experimento 
Behavior of the lactose-fermenting {Lac+) mutants 
in various liquid media under still conditions. 
Behavior of the Lac+ mutants in lactose broth: 
Maximum growth of the Lac+ mutants occurred after twenty-
four hours' incubation (see Figure l ) and was equivalent 
to the growth of the normal organisms in the same medium 
under the same conditions. However, unlike the normal 
organisms, the population decreased steadily and no viable 
organisms were present in the culture after seven days' 
incubation. 
The BCP lactose medium became acid during the first 
twenty-four hours' incubation and remained acid for the 
duration of the experiment. No Lac- ~utants {back mu~ation) 
were detected in the culture. 
Behavior of the Lac+ mutants in glucose broth: In 
Figure 2, it can be seen that the growth of the Lac+ mutants 
in glucose broth did not differ from the growth of the normal 
organisms in glucose broth under the same conditions. Acid 
conditions were the same in these cultures as seen before with 
all the other glucose broth cultures. 
Behavior of the Lac+ mutants in carbohydrate-free 
broth: For twenty-one days, the growth of the Lac+ mutants 
essentially paralleled that of the normal organisms grown in 
the same medium under still conditions (see Figure 3). When 
the experiment was terminated, the viable population had 
·decreased from 107 to 104 orgar.lisms per milliliter. 
16. 
On the eleventh day of incubation, Lac- organiffins 
-· (back mutation) were first noted in numbers approximately 
equal to those of the Lac+ mutants (105 organisms per 
milliliter). The population of the Lac- mutants increased 
gradually and when the experiment was terminated, 10 6 
organisms per milliliter were present in the culture. These 
Lac- mutants were tested biochemically and serologically and 
were shown to be non-lactose-fermenting mutants of Sh. sonnei 
which were indistinguishable fram the normal organisms. As 
in the case of all other carbohydrate-free broth cultures, 
the pH of the medium remained in a neutral to alkaline range 
throughout the experiment. 
Behavior of the lactose-fermenting (Lac+) mutants in 
various liquid media under aerated conditions. 
Behavior of Lac+ mutants in lactose broth: After 
twenty-four hours' incubation, the Lac+ mutant reached its• 
8 . . 
maxiumum population of 10 organisms per milliliter (see 
Figure 7) which was maintained for· seven days. After this 
time, there was a gradual decline in the population and when 
the experiment was terminated the population was at a level 
of between 103 and 104 organisms per milliliter. 
After five days' incubation, Lac- organisms (back 
mutations) appeared and when first noticed had reached numbers 
between 106 and 107 per milliliter. This population 
remained at this level for ten days. Subsequently, it 
gradually declined and after twenty-four days 104 organisms 
per milliliter were present. 
The BCP lactose medium became acid during the first 
twenty-four hours• incubation and a return to alkaline 
condition occurred during the following twenty-four hour 
period. The culture remained alkaline for the remainder 
of the experiment. 
Behavior of Lac+ mutants in glucose broth: The 
growth of the Lac+ mutants (see Figure 9) did not differ 
fram the growth of the normal organisms under the same con~ 
ditions. Maximum growth was obtained after twenty-four 
hours. The population declined rapidly after forty-eight 
hours' incubation and the culture was no longer viable after 
this time. The medium became aeid during the first twenty-
four hours' incubation and remained acid for the duration 
of the experiment. 
Behavior of the Lac+mutants in carbohydrate-free 
broth: Essentially, the growth of the aerated culture again 
resembled the growth of the same organisms in the same medium 
under still conditions. However, aerated conditions, as seen 
before, enhanced the growth of the culture (see Figure 11). 
A gradual decline in the population of the culture 
occurred after three days' incubation; however, the population 
18. 
Stabilized after seven days. A definite decline in the 
population occurred after seventeen days and when the ex-
periment was terminated the viable count was 104 organi~s 
per milliliter. 
Once again, the accelerative effect of aeration on 
the formation of mutants was attested to by the appearance 
of Lac- organisms (back mutation) after seven days• in-
cubation. In contrast, the Lac- mutants did not appear 
in the still, carbohydrate-free cultures until the eleventh 
day o:f incubation when they were found to number 105 or-
ganisms per milliliter. The population increased slightly 
and then began to decline and after nine days { the 
fifteenth day of the culture) the Lac- mutant no longer 
was detected. This differed from the still cultures in 
that the population of the Lac- organi&ms under still con-
ditions appeared to .be rising at the end of the experiment 
rather than declining. The medium remained neutral to 
alkaline throughout the experiment. 
Behavior of mixed cultures grown in various liquid 
media under still conditions. 
Behavior of mixed cultures in lactose broth: The 
Lac+ mutant and the normal organisms behaved similarily and 
resembled the growth of the Lac+ mutants alone under the 
same conditions. That is, maximum growth was obtained after 
twenty-four hours, with the population declining during the 
following six-day period. After seven days, no viable 
organimns were detected. In this respect, the growth 
curve of the mixed population could be superimposed on the 
growth curve of the Lac+ mutants when grown alone under the 
same conditions (see Figures 2 and 1). The medium became 
acid during the initial twenty-four hours' incubation and 
remained acid for the duration of the experiment. 
Behavior of the mixed cultures in glucose broth: 
The growth of the mixed cultures was indistinguishable from 
the growth of each individual pure culture. Again, the 
medium became acid during the initial twenty-four-hour 
growth period and remained acid for the duration of the 
experiment. (see Figures 4 and 3). 
Behavior of mixed cultures in carbohydrate-free· 
broth: In carbohydrate-free broth, the two components of 
the mixed cultures reacted differently (see Figure 6). 
The growth and viability of the normal organisms were 
essentially no different from the growth of that strain in 
pure culture under the same conditions. Maxium growth 
(107 organisms per milliliter) was reached after twenty-
fours hours' and the growth was maintained for nine days. 
The population gradually decreased and after twenty-four 
days were 106 organisms per milliliter present in the cul-
ture. 
20. 
Initially the Lac+ mutants exhibited growth that 
was comparable to both organisms in pure culture. However, 
a rapid decline in the numbers or the Lac+ mutant began on 
the third day or incubation and arter rive days it was no 
longer detectable in the culture. The culture remained in 
a neutral to alkaline pH range during the course or the 
experiment .. 
Behavior or mixed cultures grown in various liquid 
media under aerated conditions. 
Behavior or mixed cultures in lactose broth: The 
growth or the normal organism in the mixed population re-
sembled the growth or the srune organism in pure culture 
under the same conditions ror the r1rst nine days.· Arter 
this time, there was r1rst a gradual and lateT a rapid 
decline in the population or the normal organism and when 
the experiment was terminated only 102 normal organisms 
per milliliter were round (see Figure 8). 
For the rirst nine days, the Lac+ mutant in the mixed 
culture similarly paralleled the growth or that strain 
grown in pure culture. However, arter this time, the de-
cline in the Lac+ mutant was much more rapid than it was 
in pure culture or than the normal organisms in the mixed 
culture, .and no viable Lac+ organisms were detected at a 
dilution or 103 or 104 0rganisms per milliliter. 
2L. 
Behavior of mixed cultures in glucose broth: There 
was no significant difference between the growth pattern 
of the normal organisms and the Lac+ mutants in mixed 
glucose broth cultures and their growth in similar pure 
culture (see Figure 10). In all eases, an initial, rapid 
increase in population was followed by a very rapid de-
cline with no viable organisms detectable after seventy-
two hours. As in the other glucose broth cultures, the 
medium became very acid during the initial twenty-four 
hours' incubation and remained acid for the duration of the 
experiment .. 
Behavior of mixed cultures grown in carbohydrate-
free broth: The normal organism in the mixed cultures 
showed no essential difference from its growth in pure cul-
ture for the first seventeen days of incubation. (see figures 
12 and 11). After this time, there was a gradual decline 
in population. When the experiment was terminated, the conc-
entration of normal organisms was 105 organisms per milliliter, 
which was somewhat lower than that of the pure culture. 
The Lac+ mutant followed the growth pattern of the 
same organism grown in a mixed culture under still conditions. 
8 
Following an initial increase of the population to 10 
organisms per milliliter after twenty-four hours' incubation, 
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a rapid decline in the population occurred. After five 
days' incubation, the organism was no longer detected at 
a 105 dilution for the remainder or the experiment and was 
not present at a 103 dilution when the experiment was ter-
minated. The medium remained neutral to alkaline through-
out the experiment~ 
Elimination or ~actose from lactose broth by lactose 
fermenting (Lac+-) mutants of Shigella sonnei 
It was noted constantly that the aerated lactose 
broth cultures containing Lac+ mutants returned to alkaline 
conditions within twenty-four hours after acid formation 
had occurred. Since the aerated glucose broth cultures did 
not behave in a similar manner, an experiment was designed 
to determine if this return to alkaline conditions was in 
any way due to utilizati~n or lactose by the Lac+ mutants. 
In order to determine the degree or utilization of 
lactose by Lac+ mutants or Sh. sonnei, 0.05 ml of a fresh, 
young cult~e were inoculated into 28 x 195 mm test tubes 
containing 10-ml amounts or lactose brot~. Two concen-
trations or lactose were utilized in this experiment, 
a 0.1 per cent and a 0.5 per cent concentration respectively. 
The cultures were incubated at 37 C under both aerated and 
still conditions. 
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Immediately following inoculation and thereafter 
as shown in Table II, a culture grown under each set or 
conditions was sterilized by riltration through a Seitz 
EK rilter. When necessary, the medium was readjusted to 
its' original pH (7.25) before reinoculation with a rresh 
culture of the Lac+ mutants in order to determine whether 
or not the lactose had been completely utilized during the 
initial incubation, these cultures were reincubated and 
the presence of lactose determined by the rormation or 
acid. 
It was found that under aerated conditions, both 
the 0.1 per cent and 0.5 per cent concentrations of 
lactose were completely utilized after twenty-four hours' 
incubation. When the cultures were grown under still 
conditions, lactose was still present in the medium after 
seven days' incubation at the 0.5 per cent level. However, 
when these organisms were grown in the 041 per cent con-
centration or lactose, no lactose could be detected after 
two days. 
- As stated previously, the rapid depletion of lactose 
when the lactose broth cultures were incubated under aerated 
conditions appears to be related to the greater growth of 
the organisms in the presence of molecular oxygen. Growth 
of the cultures under still conditions is less as shown by 
the bacterial population (as shown by experiments discussed 
• 
previously) as well as the incomplete utilization of 
lactose. 
A return to alkaline conditions occurred when Lac+ 
mutants were grown in lactose broth under aerated conditions. 
The depletion of lactose from the medium and the subsequent 
utilization of the acid under aerobic conditions may explain 
this return to alkaline conditions. The presence of lactose 
in cultures of Lac+ organisms after seven days' incubation 
under still conditions is consistent with the persistence 
of acid conditions in these cultures for the duration of 
the experiment. 
Qualitative determinations of the comparative growth 
of Lac+ mutants and normal Shigella sonnei. 
To determine qualitatively the competitive advantage 
of the normal and the Lac+ mutants of Sh. sonnei, fresh, 
young mixed cultures were prepared in the manner described 
under Materials and Methods. 
0.05 ml of the cultures prepared in lactose, glucose, 
and carbohydrate-free broths were transferred to 28 x 195 mm 
tubes containing 10-ml amounts of lactose, glucose and car-
bohydrate-free broth respectively. These cultures were 
incubated at 37 C under aerated and still conditions. 
Immediately following inoculation, 0.05 ml of these cultures 
were transferred to 16 x 125 mm tubes containing 6- ml 
amounts or lactose broth to determine the presence or 
Lac+ mutants in the mixed culture. Daily, or as indicated 
in Table III, each lactose, glucose, and carbohydrate-free 
broth culture was transferred to fresh broth containing 
the same constituents as the parent culture. Transfers 
also were made into 6- ml amounts of lactose broth daily. 
Diagrammatically the daily pattern for transfers would 
appear as follows: 
u u u 
lactose broth 
lLB} glucose broth carbohydrate-free broth 1:::'. ~-u . u u 
~GB~· 
u u 
~CFB~ 
u 
LB LB GB LB CFB 
Of twenty mixed cultures in aerated carbohydrate-free 
broth, all produced acid in the presence or lactose for four 
days. Thereafter failure to ferment lactose on subculture 
occurred as follows: one in five days, one in ten days, two 
in eleven days, fourteen in eighteen days, and one each on 
the ninteenth and twentieth days. 
In contrast, subcultures from aerated glucose or 
lactose broths revealed Lac+- mutants throughout the duration 
of the experiment. 
LB 
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In the daily.serial still cultures, Lac+ mutants 
persisted throughout in the carbohydrate-~ree broth as 
well as in the lactose and glucose brothse 
• 
DISCUSSION 
The major dif'f'erences in behavior of' the various 
cultures were associated with the use or avoidance of' aera-
tion. Mechanical agitation supplied cultures with a greater 
quantity of' molecular oxygen as well as a more available 
supply of' nutrients. The ef'f'ect of' these !'actors was re-
flected by a faster growth rate and an increase. in the total 
population. The earlier appearance of the mutants in the 
aerated cultures may be attributed to this acceleration of, 
and absolute increase in growth. 
The behavior of the still lactose broth cultures was 
similar to that of the glucose broth cultures. The presence 
of Lac+ mutants in lactose reinforced broth incubated under 
still conditions resulted in an increase in the acidity of 
the medium. However, the acidity of these cultures was less 
than that observed in the glucose cultures. Unlike the 
aerated lactose cultures, this acidity persisted and resulted 
in the death of the cultures. 
The differences in the times of death of the still 
lactose cultures and the glucose cultures appear to be related 
to the degree of acidity of these media. Although the acidity 
of the lactose broth was not sufficient to cause immediate 
death of the cultures, it was sufficient to decrease the via-
bility over a period of a week. (Hence the degree of acidity 
appears to account for the difference in the death rate) • 
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Another condition influenced by aeration was the pro-
duction of' acid !'rom glucose and lactose. Although acid was 
produced in the presence of either carbohydrate, the acidity 
was less than that of the still cultures, and in the case of' 
lactose, a return to alkaline conditions occurred. These 
!'actors appeared to influence the viability of' the cultures. 
These conditions, however, do not entirely apply in 
the case of cultures grown in the presence of glucose. All 
glucose broth cultures, regardless of the cultural conditions, 
died after a short period of incubation. The loss of' viabil-
ity appeared to be the result of the high acidity of' the me-
dium following the fermentation of glucose by both the normal 
organism and the Lac+ mutant. The acidity of these cultures 
increased from pH 7.0- 7.1 at the start, to pH 4.6 - 4.8 
after twenty-four hours• incubation. It was shown f'urther, 
by a preliminary experiment not recorded in detail with carb-
ohydrate-f'ree broth that had been adjusted for pH before 
incubation, that organisms did not survive for twenty-four 
hours in a medium at pH 4.5 or lower. 
The continued viability of the aerated lactose cultures 
in the presence of Lac+ mutants can be explained by the return 
to alkaline conditions. This return to alkalinity appears 
to be related to the exhaustion of lactose from the medium 
during the first twenty-f'our hours of' growth. 
Lac+ mutants were detected only in lactose broth that 
had originally been inoculated with normal organisms. 
However, in 1951, Cook, Knox and Tomlinson (3) reported 
that Lac+ mutants arise spontaneously at the rate of one 
mutant in 105 normal organisms, independent of the substrate. 
If this be the case, then Lac+ mutants should also be de-
tected in the glucose and carbohydrate-free media. The lack 
of mutants in the glucose broth is easily explained by the 
prompt loss of viability of the cultures. In the case of 
the carbohydrate-free medium the situation is less clear 
cut. However, experimental evidence suggests that the normal 
organisms have a selective advantage in this medium. Also, 
since the sampling technique employed to determine bacterial 
counts was limited, the fact that the Lac+ mutants were not 
detected does not necessarily mean that they were not present. 
The detection of Lac+ mutants after two days• incuba-
tion in the aerated lactose broth Which had been inoculated 
with normal organisms raised the question of the presence of 
these mutants in the original inoculum. Kaeoyanis (9) 
showed that lactose fermentation (the criterion taken for 
the presence or mutants) occurred When this medium was seeded 
8 
with one Lac+ mutant in 10 normal organisms and incubated 
under still conditions. Since Lac+ mutants were not detected 
for nine days, in still lactose cultures seeded with normal 
organiffims, it is apparent that the early appearance of the 
mutants in the aerated lactose cultures was due to the 
30. 
eff'ect of' acclerated growth rather than to the presence of 
the mutant in the original inoculum. 
The disappearance of the Lac+ mutant appeared to be 
related to the competition f'or the nutrients available in 
the medium. In the presence of' lactose, the growth of' the 
Lac+ mutants was maintained; but once the lactose was ex-
hausted, this advantage was lost. It was seen in both 
lactose broth and carbohydrate-free broth that the normal 
organisms have a growth advantage. This is seen ~ediately 
in the carbohydrate-f'ree medium with a delay in this condition 
occurring in lactose broth. This delay, as stated bef'ore, 
appears to be related to the presence of lactose in the 
medium, the exhaustion of' which reduces the growth advantage 
of' the Lac+ mutant. It also may be possible that in gaining 
.. 
the ability to f'er.ment lactose, the Lac+ mutant loses some 
mechanism (enzyme system?) which would otherwise allow it 
to compete successf'ully with the normal organism. 
The appearance of' Lac~ mutants (back-mutation) in 
cultures seeded with Lac+ mutants also may be related to 
the decrease in the viability of' the LacT mutants, since the 
Lac+ mutants cannot compete successf'ully in the absence of 
lactose. The Lac- mutants would have a selective g~owth 
advantage in the absence of lactose and will ultimately pre-
dominate. 
31. 
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The exper~ental evidence obtained when qualitative 
determinations were made to detect the presence of Lac+ 
mutants supported the view that normal organisms have a 
selective advantage over the Lac+ mutants when grown in 
mixed cultures. 
The discrepancy found regarding the viability of the 
glucose cultures and the still lactose cultures can be 
explained by the technique of daily subculturing. Since 
these cultures were transferred to fresh media at frequent 
intervals, the acid environment was not sustained and there-
fore was not sufficient to cause a loss of viability in 
these cultures. 
The loss of viability of the Lac.f.mutants in the 
aerated carbohydrate-free broth that was subcultured daily 
supported the findings of the other experiments. This fur-
ther supports the supposition that it is the Lac+ mutants• 
lack of some mechanism that reduces their ability to compete 
successfully with the normal organisms when no carbohydrate 
is present • 
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SUMMARY 
1. Aeration o~ normal organisms in lactose broth ~avored 
the appearance o~ Lac+ mutants. 
2. Eventually the Lac+ mutants disappeared and only Lac-
organisms could be isolated. 
3. Lac+ mutants appeared in cultures o~ normal organisms 
grown under unaerated condition$ but were delayed as 
compared with their appearance under aerated conditions. 
4• Under aerated conditions, neutral to alkaline conditions 
returned within twenty-~our hours ~ter the ~irst appear-
ance o~ acid. 
5. Lac+ mutants were not observed in glucose or car-
bohydrate-~ree broth cultures o~ normal organisms~ 
6. Lac- mutants (Back-mutation) appeared in cultures seeded 
with Lac+ mutantso 
7~ In mixed cultures the non-lactose ~ermenter had a 
selective advantage in the absence of lactose. 
8. Qualitative observation made to determine the presence 
o~ Lac+ mutants supported the view that normal organisms 
have a selective advantage over Lac+ mutants when grown 
in mixed culture in the absence o~ lactose. 
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Lac+ Mutants and 
trious Broths 
~ng organisms per milliliter 
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11 15 17 21 2~ 9 _________________ ......_. _________________ _ 
L+ L- L+ 
16x1o6 68xlo7 19xi65 
73xlo6 13xl07 
rth in 
L- L+ L- L+ , L- L+ L- L+ L- . 
no growth in 
undil. samp. 
'• 
:ed sample 
·thin 
:ed sampl~4x106 22x106 2oxio6 28xlo6 22xl06 16xlo7 
L+ 
12xl0 1 . 20x1o6 65xlo5 llxlo6 35xlo5 33xlo6 
78xloT 38xl06 20x1o/ 13xlo6 15xlo7 85xlo6 23xlo6 BxlOS 10xlo5 14X1oS 14X1o~ 18x1o4 25xlo3 
no grQwth no growth in 
at 10~ undil. sample 
no growth 
" in undil.samp. 
1 no growth in ' , . 
28x106 13xl08d~6il~~ple ,48xlo5 35xl?6 80xlo4 70xl06 -- , 15xlo6 -- 52xlo3 -~ 
l4xlo7 
73
x106 28xlo5 65xlo5 18xlo5 78xlo5 .~'*-55xlo5 55xlo5 27xlo5 13xlo5 71xlo5 
9x106 44i1o7 21xtoY 88xlo7 80xlo5 93xlo6 -- 5oxlo4 -- 5oxlo3 -- · 55xlO~ 
30xlo3 no grow3h at no growth in 
10 undil. samp. 
75xlo3 
43xlo4 
t;h in 
:~amp. 6 6 " 6 31x10 -- ,16xl0 -- 12xlo7 -• · 12xl0 20xlo4 --
1'3xlo6' --13xlo7 -- ·5ox105 __ 18xlo5 -- 22xlo6 · -
12xlo5 
97xlo5 --
to organisms present at 
ilution noted 
( ~ TABLE I 
Comparative Growth Studies of the Lac+ Mutants 
Normal Shigella sonnei Grown in Various Broths 
Number of lactose-fermenting and non-lactose-fermenting organimaa · 
I , 
• Day 0 3 4 5 1 
Normal 
Lac+ 
Mixed 
Lactose 
. ----- . no gr~wth no growth in 
G.lucose 3 '[.! at 10 undiluted sample 
S 83xl0 15xlo7 83xl06 . 83xl0 170 89 no growth in 
A 98xlo3 
· 3 8 8 7 6 !:Wdil~ted sample , 
Sugar- A 98xl0 14x10 16xl0 · 98xlO 1 15x10 42x10 !:>t1xl0 24x10 
Free 4 1 7 1 • s 13x10 18xl0 22xl0 , 16x1o7 18x1o7 ~~f!86 1M1oi 12xl0 
A 17x10~ 15xlo6 l6xloe J 18xio8 18x1o8 ~x:~6 I4ii08 J=xiu 78xloT 38xlo' 
Lactose 4 - ' 6 6 5 S 18xl0 22xl0 1 12x10 1 : 29xl0 17xl0 43xl0 no gr_ pwth n 
· at 104- u: 
A 12xlo4 63xlo7 - 35xl05 
Glucose 4 6 6 
S . . llxlO 90xl0 23Sl0 
Sugar- A , 10xl04 83xl0 1 3~10 7 
Free 4 7 7 
s _ ~xlO_ _ 16xl00 ~ 1~10? _ 
A 63xloJ 63xloJ lOxloe 13x1oe 93xio7 4QJ1of 
La~tose 4 - - 6 
S 88x1~3 12x10 10x107 85xlo6 80x106 28x10 
A 65xlo3 38x1o3 28xlo7 25xlo7 45x104 38xlo4 
Glucose 3 6 · 6 6 5 
S 50xl03 80xl0 80xl0 83xl0 23xl0 80xl0 
Sugar- A 49x103 53xlo3 53xl0 7 58xie 7 l4x1o8 18xlO 1 · 
Free s 70xl03 60x103 80x106 65x1o6 12x1o7 58xto6 
no gr~wth 
at 10 1 
30xlo4 1?8- 44 
12x1o8 68xlo7 85xl06 
1 
.. ••c•~a 
. _.._ __ "" 
·-
35xl06 18xl06 25xlo6 98xlo5 67xlo5 24x1o5 
no grlwth no growth in 
at 10 undil. sam~. 
18xl0 13xlo4 97 3 5 0 
25xlo7 22x1o7 16x1o? 15xlo7 40xl06 74xlo5 
93x1o6 48xl06 18xlo7 18x106 16xlo7 28xlo5 
* A denotes aerated conditions 
S denotes non-aerated conditions 
L+ stands for lactose-fermenting organisms 
L- stands for non-lactose-fermenting organisms 
18xlo5 28x1o6 
u: 
13xl0' 
. ..--.--.c:a 
10 
-
.. 
78xlo4 80xlo3 no ·-gr: 
no growth in 
gsdilo samp. 
xlO -- 31xl0' 
18xlo7 ' 
-- 13xl0 
no organiSDls 1 
dilution note< 
• 
TABLE II 
Determination o~ Lactose Utilization by Lac+ Mutants 
Initial 
lactose 
cone .. 
0.1% 
0.5% 
Days after ~iltration and reinoculation 
Initial growth with aeration ~nitial growth without 
0 1 2 3 4 5 6 7 :> 1 2 3 4 5 6 7 
+ - - - - - - - :+- ¢ - - - - - -
+ - - - - - - - 1-+++0 ¢ 
, 
+ Cultures that were acid a~ter twenty-~our hours. 
- Cultures that were alkaline after twenty-~our hours. 
0 Cultures that were acid after ~orty-eight hours$ ¢ Cultures that were weakly acid after ~orty-eight hours • 
35 .. -
aeration 
• 
TABLE III 
Competitive GroWth or Mixed Lac+ Mutants and Normal Shigella 
sonnei in Aerate.d Carbohydrate-Free Broth .. 
Number of Day or subculture into rresh lactose broth 
culture 0 1 2 3 ~ 5 6 7 8 9 10 11 12 13 1~ 15 16 17 18 19 
1 + + + + + + + + + + -
2 + + + + + + - -
3 + + + +++~¢!~_ 
~ + + + ++~ ¢¢. + + + ++-+++¢.+ + + + + 
* * 6 + ++ ¢.~~¢~'¢¢" ¢• ~ ¢ ¢ 
* * 7 + +- + ¢.++++++ + + + + 
* * 8 + + + ¢++++++ + + + % 
~~-
* 9 + + + ++¢-fr¢~¢ ¢ ~ ¢ 
* * 10 + + + ¢'++++++ + + + + 
* * 11 + + + +++++++ + + + + * * 12 + + + ~%%%%.~% % %. % g * * 13 + + + ~~-
* 14 + + + ¢+++¢¢¢ + ¢ + + 
* * 15 + + + + + + + + ++ + + + + 
* * 16 + + + + + + + + + + + + + + if- * 
... 
17 + + + + + + + + + + + + + + * * -
... 
18 • % % + + + + + + + + + + + + + + * * 19 + + + +++++++ + + + + 
* * 20 + + + ~+++¢'++ + + + + •* * 
+ Cultures which became acid arter twenty-rour hours. 
¢' Cultures which were alkaline after twenty-four hours but 
became acid after rorty-eight hourse 
* Cultures which became acid arter forty-eight hours. 
- Cultures which were alkaline arter rorty-eight hours • 
20 
-
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TABLE IV 
The Acidity of Mixed Cultures of Lac+ Mutants and Nor.mal Shigella sonnei ~rown in Various Broths 
Days of in-
cubation Lactose~broth 
' 
Glucose,broth •Carbohydrate-free broth 
-
Aerated cond. Still cond. Aerated cond. Still cond. Aerated cond. Still con~ 
0 7.2 7·3 7.1 7.0 7·4 7 ·4-
.1 6.5 5 .. 3 4.6 4.8 8.0 7·5 
2 7.1 5.5 4.6 4-e~8 8.0 7·5 
3 
4- 7·7 5.1 4-· 7 4-·8 8.6 8.2 
5 8.0 5.4 4-· 7~ 5.1~ 8.7 8.7 
yj .Culture no longer viable 
Figure 1 
Behavior of Lac+ Mutants and Normal Sh. sonnei Grown in Pure 
Culture in Lactose Broth Under Non-Aerated Conditions. 
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•• 
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L+ 
L-
A 
B 
Normal organisms grown in pure culture 
Lac+ mutants appearing in cultures of normal organisms 
Lac+ mutants grown in ptire culture 
Fermentation readings of cultures of Lac+ mutants 
Fermentation readings of cultures of normal organisms 
Acid conditions of the medium 
Alkaline conditions of the medium 
No viable organisms in a 104 dilution 
No viable organisms in an updiluted sample 
No viable organisms in a 10~ dilution 
No viable organisms in an undiluted sample 
Figure 2 
Behavior of Mixed Cultures of Sh. sonnei in Lactose Broth Under 
Non-Aerated Conditions 
0 Normal organisms 
• Lac+ mutants 
L+ 
& Fermentation readings of mixed cultures 
L-
A Acid conditions of the medium 
B Alkaline conditions of the medium 
1. No viable organisms in a 103 dilution 
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Figure 3 
Behavior of Lac+ Mutants and Normal Sh. sonnei Grown in Pure 
Culture in Glucose Broth Under Non-Aeratecr-conditions 
0 Normal organisms grown in pure culture 
• Lac+ mutants grown in pure culture 
L+ Fermentation readings of cultures of Lac+ mutants 
L- Fermentation readings of cultures of normal organisms 
A Acid conditions of the medium 
B Alkaline conditions of the medium 
1. No viable organisms present in the cultures after three days incubation 
Figure 4 
Behavior of Mixed Cultures of Sh. sonnei in Glucose Broth Under 
Non-Aerated Conditions --
0 Normal organisms 
• Lac+ mutants 
L+ 
& Fermentation readings of mixed cultures 
L""' 
A Acid conditions of the medium 
B Alkaline conditions of the medium 
1. No viable organisms present in the culture after three days incubation 
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Figure 5 
Behavior o~ Lac+ Mutants and Normal Sh. sonnei Grown in Pure 
Culture in Carbohydrate-Free Broth Under Non-Aerated Conditions 
0 Normal organimns grown in pure culture 
• Lac+ mutants grown in pure culture 
0 Lac- mutants appearing in cultures of Lac+ mutants 
L+ Fermentation readings of cultures of Lac+ mutants 
L- Fermentation readings of cultures-of normal organisms 
B Alkaline conditions of the medium 
Figure 6 
Behavior o~ Mixed Cultures o~ Sh. sonnei in Carbohydrate-Free 
Broth Under Non-Aerated Conditions 
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Figure 7 
Behavior of Lac+ Mutants and Normal Sh. sonnei Grown in Pure 
Culture in Lactose Broth Under Aeratea Conditions 
0 Normal organ!mns grown in pure culture 
• Lac+ mutants appearing in cultures or normal organisms 
• Lac+ mutants grown in pure culture 
0 Lac- mutants appearing in cultures of Lac+ mutants 
L+ Fermentation readings or cultures or Lac+ mutants 
L- Fermentation readings of cultures of normal organisms 
A Acid conditions of the medium 
B Alkaline conditions of the medium 
Figure 8 
Behavior of Mixed Cultures of Sh. sonnei in Lactose Broth 
Under Aerated Conditions 
0 Normal organisms 
• Lac+ mutants 
L+ 
& Fermentation readings of mixed cultures 
L-
A Acid conditions of the medium 
B Alkaline conditions of the medium 
1. No Lac+ mutants present in a loft dilution 
2. No Lac+ mutants present in a 103 dilution 3. No Lac+ mutants present in a 10 dilution 
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Grown in Pure Culture in Lactose Broth Under Aerated 
Conditions 
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Figure 9 
Behavior of Lac+ Mutants and Normal Sh. soi::mei Grown in Pure 
Culture in Glucose Broth Under Aeratea Conditions 
0 Normal organisms grown in pure culture 
• Lac+ mutants grown in pure culture 
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L ... 
, A 
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Acid conditions of the medium 
Alkaline conditions of the medium 
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Figure 10 
Behavior of Mixed Cultures of Sh. sonnei in Glucose Broth Under 
Aerated Conditions 
0 Normal organisms 
• Lac+ mutants 
L+ 
& Fermentation readings o~ mixed cultures 
L-
A Acid conditions of the medium 
B Alkaline conditions of the medium 
1. No viable organisms present in the culture after three days 
incubation 
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Figure 9e Behavior or Lac+ Mutants and Normal Sh. sonnei 
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Figure 11 
Behavior of Lac+ Mutants and Normal Sh. sonnei Grown in Pure 
Culture in Carbohydrate-Free Broth Unaer Aerated Conditions 
0 Normal organisms grown in pure culture 
• Lac+ mutants grown in pure culture 
() Lac- mutants appearing in cultures of Lac+ mutants 
L+ Fermentation readings of cultures of Lac+ mutants 
L- Fermentation readings of cultures of normal organisms 
B Alkaline conditions of the medium 
1. Lac- mutants no longer detected 
Figure 12 
Behavior of Mixed Cultures of Sh. sonnei in Carbohydrate-
Free Broth Under Aerated Conditions 
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Duval and Scherer (Bact. and Clin. studies rram the 
Rockefeller Inst. forMed. Res., 1904) first isolated the 
organism now known as Shigella sonnei from cases of infantile 
diarrhea. Other investigators reported the is:olation of 
organisms c:losely resembling Duval ts bacillus in outbreaks: 
of. dysentery. However, it w.·BlS Sonne (Cent. Bakt. labt. org., 
75: ·408, 1915) who identified the organism as specific and 
distinct from the pseudodysentery organisms praviously 
described by Kruse. Thj,~tta emphasized the variable fermen ... 
tation of lactose by this organism. Sears and Schoolnik (J. 
Bact., 31: 309, 1936), Reynolds, etal. (J. Infect. Dis., 
1. 
55: 207, 1934) and later Cook, Knox and Tomlinson (Brit. J. 
Exper. Path., 32: 203, 1951) isolated lactose-fermenting (Lac+) 
mutants from cultures of normal organisms. Kaeoyanis (Dis-
aerations, Boston University Graduate School, 1955, 1957) 
found as few as. from one to ten Lac+- mutants grew in the 
presence of large numbers of normal organisms and produced 
prompt fermentation of lactose and concluded that delayed 
fe·rmentation of lactose was due to the absence of lactose 
rather than to the inhibitory action of the normal e:ells • 
He stated further that aeration in the pr~sence of lactose 
favored the appearance of Lac+- mutants• 
Although Lac+- mutants and normal Sh. sonnei are known 
to exist, only normal organisms are found in nature. The 
purpose of the present investigation is to determine the 
factors that result in the more successful competition or the 
normal organism in mixed cultures. The comparative growths 
or the Lac+ mutant and the.nor.mal or$anism were studied by 
growing them in various liquid media in both pure and mixed 
culture under aerated and non-aerated (still) conditions. 
When the normal organism was grown in lactose broth 
under non-aerated conditions, the numbers remained high 
until Lac+ mutants appeared; then their numbers decreased 
rapidlyG In carbohydrate-free broth the normal organisms 
grew in a similar way except that no Lac+ mutants appeared 
.. 
and the population remained high longer. In aerated lactose 
broth, the population changes occurred more rapidly and the 
Lac+ mutants decreased in numbers whereas the population or 
normal organisms was maintained. The normal organisms in 
aerated carbohydrate~rree broth behaved essentially in the 
same manner as in the non-aerated medium. 
Initially, the growth of the Lac+ mutant in non-aerated 
lactose broth paralleled the growth of the normal organism 
under the same conditions except that no viable organisms 
were detectable after seven days~ incubation. This decline 
in population. appears to be relate:d to the acidity of the 
medium. Under. the same condi tiona, in carbohydrate-free: 
broth, growth was similar but the culture did not die out. 
After eleven days Lac~ mutants (baek•mutation) were first 
noted in numbers approximating those of the Lac+ mutants in 
carbohydrate-free broth under non-aerated conditionso The 
population gradually d~clined a:fter seve:n days but organisms 
were still present at the end or the experiment. The Lac+ 
mutant in aerated carbohydrate-rree broth behaved in essenti-
ally the same manner as in the non-aerated medium except that 
aeration enhanced the initial grow.th or the culture as well 
as the appearance of Lac- mutants. 
In mixed culture, the growth of normal and Lac+ organis-ms 
in non-aerated lactose broth paralleled that of the Lac+ 
mutant in pure culture. In non-aerated carbohydrate-rree 
broth, the two components of the mixed culture reacted dif-
ferently. The growth of the normal organism was essentially 
no difrarent from its growth in pure culture under the same 
conditions. The growth of the Lac+ mutant was initially com• 
parable to that of each organism in pure culture, but a rapid 
decline in the population occurred and a:fter five days it was 
no longer detecte:d. 
In mixed cultures in aerated lactose broth, the normal 
organism behaved as it did in pure culture under the same 
conditions during the first nine days. Subsequently there 
was a decline in the population, but normal orgsmisms presisted 
to the end of the experiment. The Lac+- mutant in mixed cul-
ture similarly paralleled its behavior in pure culture for 
nine days, but declined rapidly and was not detectable when 
the experiment was terminated. Again, as in all aerated 
lactose broth cultures, the presence of Lac+ mutants resulted 
in acid conditions, but alkaline conditionsreturned within 
twenty-rour hours. In aerated carbohydrate-rree broth the 
growth or the normal component or mixed cultures resembled 
that or the same organism in pure culture. The Lac+ mutant 
disappeared just as it did in the non-aerated cultures. 
Loss or viability occurred in all glucose broth cul-
tures !i'e·ga:rdless a.s to whether the organisms were grown in 
pure or mixed culture. The high acidity or these cultures 
appears to be an important ractor in their death. 
In the presence or Lac+ mutants, aerated lactose broth 
cultures became acid but reverted to alkaline conditions rapid ... 
ly. The utilization or lactose by the Lac+ mutants was deter-
mined by growing them in 0.1 and 0.5 per cent lactose under 
aerated and non-aerated conditions. At rrequent intervals, 
an aerated and a non-aerated culture were riltered through 
a Seitz EK rilter and the broths reinoculated With L&e+ mutants 
to determine the presence or lactose. Under aerated conditions, 
both concentrations or lactose were utilized rapidly. However, 
lactose was present in the still cultures arter seven days' 
incubation. The return to alkalinity of' the aerated lac-
tose broth cultures even in the presence or La:c+ mutants 
may be the result of' this utilization of' lactose. 
Qualitative determinations were also made or mixed 
cultures of' Lac+ mutants and normal organisms. These 
organisms were grown in lactose, glucose and carbohydrate .... 
:free broth respectively, under aerated and non-aeratad con-
ditions. At intervals, these cultures were subcultured into 
broths containing the same constituents and reineubated 
under the same conditions. Each culture was also inoculated 
into lactose broth to determine the presence or Lac+ mutants. 
Failure to :ferment lactose in subculture occurred only in the 
aerated carbohydrate-:free broth cultures. The loss or 
viability or Lac+ mutants :first occurred arter :five days' in-
cubs:tion and therearter occurre:d in other cultures up to 
twenty days. 
The major di:f:ferences in behavior or the various 
cultures were associated with aerated and non-aerated con-
ditions~ The continued viability or the aerated lactose 
broth cultures in the presence or Lac+ mutants can be ex-
plained by a return to alkaline conditions which appears to 
be related to the elimination or lactose !'rom the medium. 
Lac+ mutants in non-aerated lactose broth cultures and 
in glucose· cultures behaved similarly. In both cases high 
acidity resulted in the death of' the organisms. 
The disappearance of' Lac+ mutants !'rom carbohydrate-
free medium appeared to be related to the competition :for 
nutrients. Lac+ mutants are maintained in the presence of' 
lactose, but once lactose is exhausted the growth advantage 
is lost. It may be that the Lac+ mutants loses some mechanism 
(en~yme system?) when it gains the ability to f'erment lactose. 
'·· 
Experimental evidence obt~ined from the qualitative 
determinations supports this conjecture. 
6. 
